2)] + 1 is the exponent of some n X n primitive matrix. In this paper we prove that this conjecture is true except for n = 11. The problem of determining the exponent set E, is completely solved.
INTRODUCTION
An n X n nonnegative square matrix A = (a i j) is primitive if Ak > 0 for some positive integer k. The least such k is called the exponent of A and is denoted by y(A).
THE MAIN RESULT
In 1950, H. Wielandt [6] [i W,,] + 1. Recently, Shao Jia-Yu [S] proved that this conjecture is true for all sufficiently large n, but is not true for n = 11. In this paper we prove that:
THEOREM. Lewin and Vitek 's conjecture is true except for n = 11. Namely, therearerwgapsbelow [~W,,] +lexceptforn=ll.
By the proof of the Theorem, it is easy to show the following:
COROLLARY. For n = 11, 48 is the only number which does not satisfy
Lewin and Vitek 's conjecture.
By the Theorem and [4] , for any definite integer n, all the gaps in the exponent set of n X n primitive matrices are found. Then the problem of determining the exponent set is completely solved.
SOME KNOWN RESULTS ABOUT y(A)
Let ?-I, r,, . . . , r, be a set of distinct positive integers with (ri, rs, . . . , rx) = 1. Then we define the Frobenius number +( ri, r,, . . . , rx) to be the least integer m such that every integer k >, m can be expressed in the form k = a,r, + a,r, + . -. + a,r,,, where a,,a, ,. .., aA are nonnegative integers. A result due to Schur shows that +(r,, rs,. . . , r,,) is well defined if (ri, rs,. . . , rx) = 1. It is well known that
if (rl,r2) =l and +(n,n-l,i(n-l))=+(n,+(n-l))=(n-l){i(n-1)-l}. So Lewin and Vitek's conjecture is reduced to a number theoretical problem, that is, for odd integer n and any integer m E E,?, to determine whether there are ri, ra, . . . , rx integers in Lemma 4 such that m E E,.
PROOF OF THE MAIN THEOREM
Before proving the Theorem, we need another lemma as follows: Let p,=3,p,=7,pB=Il,pq=I9,p5=23,ps,...,pi,...betheinfinitesequence ofallprimenumbersoftheform4k+3,anddenote~~={~,,~,,...,~i,...}.
LEMMA 5. Zfp,, pi+l E 93, then pi+1 G 2pi, i a 2.
Proof.
In For any pi < 6000, there exist two consecutive numbers p and p' in (A) with p < pi < p', thus we have p < pi < p' < 2~ Q 2Pi* Clearly Pi + 1 Q P'. SO Pi+ 1 < 2p,. This completes the proof of the lemma.
n LEMMA 6. Zf n 2 43 and n # 50,61,72, S3,94,105, then there exists a prime p (depending on n) satisj$ng the following properties: Hence we have ( ph + i +2)2 < 4n -3. So (3) follows.
If 43 < n < 273, evidently, when n > 43 and n # Ilk + 6, we can take 11 instead of p of (B); when n >, 108 and n # 19k + 10, we can take 19 instead of p of (B). It is easy to check that for any n (43 < n < 273) except for 50,61,72,63,94,103, there always exists one of { 11,19} which satisfies (B). So the Lemma follows. (1) Zf n is odd >, 3, then we have { i(n" -2n + l), i(n" -2n +3)} E E,. (2) Zf n is odd 25, then we have {$,(n2-4n+3),...,i(n2-3n+4)} E Il.
Proof. (1): Let {rr,ra,rs} = {n,n-l&-l)}; thus +(n,n-l&r -1)) = i(n" -4n + 3). Hence we have { $(n" -2n + l), f(n" -2n + 3)) C E, by Lemma 4.
(2): Let { rr, r2} = {n -2, f(n -l)}; thus we have { i(n" -4n + 3), . . . , f( n2 -3n + 4)) c E, by Lemma 4. W LEMMA 8. Zf n > 13, then we have:
Proof. 
GE,
by Lemma 4. So (1) is true by Lemma 7.
(2): (i( n +3), n -5) = 1, since n = 3 (mod 4). Let rr = n -5 and r2 = +(n -3); then we have {i (n2 -3n -18 
Proof.
Let rr = n -i(p + 1) and r2 = f[n + $(p -l)], where p is the prime number satisfying the properties (B) in Lemma 6. By (Bl), p = 3 (mod 4) so r2 is an integer, since n is odd. By (B3), p < $(2n -l), so rl > r2. Also we have that either (r,, r2) = p or (r,, r2) = 1, since 2r2 -rr = p. But if (r1,r2)=p, then r,=n-i(p+l)=O (mod p). So n=i(p+l) (mod p); this contradicts (B4). Hence (rr, r2) = 1. Now we use Lemma 4 to get
by 03%
Cp( rl, r2) + n + rl -r, -
by (B3). And {i(n2-2n-19),...,;(n2-2n+3)} cE,.
Hence we get the lemma by Lemma 8. Proof. We divide the proof into five steps:
(1) By Lemmas 7 and 8, for proving this Lemma, it is enough to prove that where Ek2) is as shown in Table 1 .
(2) Let rr = n -2, r, = i (n+l). If nf5 (mod 6) and n=2k+1>7, then (r1,r2) =l. Since (ri-l)r2=i(n2-2n -3) and (ri-2)r2+ n=i(n" -n -4), we have { +(n" -2n -3), t(n" -2n -1)) c E, by Lemma 4. Also, for proving EA2) G E,, it is enough to prove that Ei3) c E,, where EA3) (3) Let rl = n -4, r, = f (n +3). If n f 11 (mod 14) and n = 2k + 12 13, then (ri, rs) = 1. Since (ri -1)rs = ij(n" -2n -15) and (ri -2)rs + n = i(n" -n -IS), we have { i (n" -2n -15) , . . . , ~$(n" -n -18)) 2 E, by Lemma 4 Also for proving Ea) G E,,
it is enough to prove that Ei4) 
